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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NCOTE NO. 1200

TENTATIVE TABLES FOR THE PROPERTIES
OF THE UPFER ATMOSPHERE
By Calvin N. Warfleld
for the

NACA Special Subcommittee on the Upper Atmosphere
SUMMARY

As a result of recent developments in aeronautics and ordnance,
a need has arisen for tables of propertiss of the atmosphere at
altitudes in excess of those covered by the exlsting standerd
tables (NACA Report No. 218). In order to satisfy this need, the
National Adviscry Committesz for Asrcnautics has sdopted three
temperature-height relationships and one composition-helght rela-
tionship, and tables based upon them have been prepared for perti-

nent properties of the upper atmosphere (that is, from £0 to 120 kilo-

maters in metric units, and from 65,000 to 393,700 feet in British
units). In the absence of direct data, such es might be obtained
by soundings with high-altitude rockets, the values adopted arse
based upon existing information obtained by indirect measurements

of certain quantities. As a consegquence, the tables are only
tentative. .

Two sets of tables based upon the adopted tentative standard
spscifications for the upper atmosphere sre presented. One set of
two tables 1s based upon the same arbitrary comstant value for the
acceleration of gravity as was used in the preparetion of the
existing standard tables for the lower levels (NACA Report No. z18) .
This set of tables for the upper levels of the atmosphers therefore
constitutes a consistent extension of the existing standard tables.
The other set of two tables takes into considerstion the decrease
in the accelsration of gravity with increasling altitude and there-
fore is more precise than the first set. Conseguently, this set
is presented only to satisfy the need for greater accuracy that
mey exiat in some Fflelds of ressarch.

Each table is divided into separate parts for both day and
night conditions at altitudes above 80 kilometers. The necessity
for separate tebles for day end night velues 1s occasioned by the
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In April 1946 this Panel was superseded by the Special Subcom~
mittee on the Upper Atmosphere whlch was also appointed by thse NACA.

j%?hzgﬂ?m er?hap ?f tg;s Speclial Subcommittes is as follows:
T Sriem P!ﬂn Ga A
Dr. Harry Wexler, U. S Weather Bureau, Chairman
Col. D. N. Yates, Chief, Air Weather Service T
Col. Paul H. Dane, A. C., TSEAC, AAF Alr Materiel Ccmmand
Capt. H. T. Orville, USN, Office of Chief of Naval Operations,
Navy Department )
Capt. Walter S. Diehl, USN, Bureau of Aeronautics, Navy
Department —_—
N, =Dr. Calvin N. Warfield, Lengley Memorial Aeronautical Laboratory
Dr. E. H. Xrauss, Naval Research Lsboratory
Dr. W. G. Brombacher, National Bureau of Standerds
Dr. L. V. Berkner, Carnegie Institutlon of Washington

Dr. B. Gutenberg, California Institute of Technoulogy T -

Dr. Fred L. Whipple, Harverd Observatory, Harvard University

Dr. 0. R. Wuif, Gates and Crellin Leboratories, Celifornia
Institute of Technology

Mr, Jerome Teplitz, NACA, Secretary,

This Subcommittee has considered the information available con-
cerning temperature and composition in the upper atmosphers. On
the basis of exlsting data obtailned by balloons at eltitudes up to
gbout 3z kKllometers ??eferences 6 and 7), of indirect measurements
obtalned at greater heights such as those discussed in references &
to 14, and of unpublished data resulting from similar indirect
measurements, recommendatlons concerning temperature-helght and
composition-helight relationships were made by the Subcommittee on
June 24, 1946. The recommendations regerding temperature-helght
relationships cover three arbitrary sets of temperature: (1) tenta-
tive standard temperatures, (2) probable minimum temperatures, and
(3) probable maximum temperatures. Also, reccmmendation was made
that et this time no tables be prepared for altitudes in excess

of 120 kilometers because of the uncertainty regarding the validity

of the data in this reglon. — e

At & meeting of the executive committee of ths National
Advisory Committee for Aeronautics held on August 15, 1946, the
previously mentioned recommendations of ths Subcommittee wers
adopted. As & result of the adoption of the recommendations of
the Subcommittee, two sets of tables for the upper atmosphars,
based upon the tentatlive standard temperatures, have been prepared
at the Langley Laboratory of the NACA.

The first set of tables provides a consistent ektens;oﬁ'of
the present standard tebles for the lower levels of the atmosphere
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(reference 1) because the same simplifying asesumption of an arbi-
trary constant value for the acceleration of gravity is mede in
both cases. Because of this conglsterncy with the present standard
atmosphere tables, and in conslderation of ,the fact that the
present standard tebles (reference 1) ars widely us36 in evalusting
posrformance characteristics of aircraft and for design purposes,
it sppears that this first set of tables may also be found useful
in these same flelds of aeronsutical enginéering. In addition, in
order to be consistent with present practice in the usé of the
terms "pressurs sltituds" and "density altitude" (refersnce 15)

it appears that it may be proper to use the term "tentative pres-
sure altitude" to designate that altitude in this first set of
tables which corresponds to a specified ambient-air pressure.
Likewise, the term "tentative density altitude" can consistently
be used with this set of tablas in connection with ambient-air
densities.

The sscond set of tables is more precise than the first
bocause it takes into consideration the decrease in ths accelera-
tion of gravity with incrsasing altitude. : This set is intended
Primerily for use in comnsction wilth research on the propertics
of the upper atmosphere. Values of gtill grester computational
Precision than those listed in this second set may be obtained by
means of "latitude correction factors' which havs been computed
and tebulatsd in another table. . o :

Thess two sets of tables for the upper atmosphere consist of
two tebles each, one in the metric system of unite and the other
in the British system of units. The altitude ranges coversd is
from 20 kilometers and 65,000 fest, respectively, to 120 kilo-
meters and 1ts British equivalent of about 393,700 fest. In addl-
tion to those quantities roported in rofervnces L to 5, there is
Included the mcan free psth of the air mclecules. This quantity
has boen addsd becaunse of its significance at high eltitudes where
the molecular mean free paths may be comparable to or larger than
coertain dimensions of the ailrvcraft or missiles that mey be flown
theros.

Acknowlsdgement is gratefully given for the contributions
meds by Dr. R. G. Stone, of the AAP Weather Service, whe supplied
veluable data concerning meximum end minimum tempersturee over the
entire world to altitudes of 32 kilometers, and for the thorough
technical review and excellent suggestions offervd by
Mr. L. P. Barrison of the U. S. Weather Bureau.

~
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SYMBOLS

speed of sound

most probable molecular speed
average moleculer speed
acceleration of gravity

altitude

volume gradient of oxygen dissoclation (%)

)

/
temperature gradient (

BB

molecular weight

mass of a molecule

number of molecules per unilt volume
Pressure

universal gas congtant

radius of the sarth

gbsalute temperature

temperature

volume of molecular oxygen in an initial unit volume

normel air, at the same temperature and pressure o

specific weight (gp)

ratio of specific heats
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A mean free path of mciecules e
K coefficient of vigcosity
v kinematic visccsity (u/p)
o density (mess per unlt volums)
o molecular Gismeter; elso density ratio <p/po> _
o average molecular dismeter L ' : R
The followlng subscripts ars used to refer to the indicated condi- __i
tions:
0] sea level =
1 lower level =
a top of regicn of disesocliation, where cxygsn is all atomic »
A bese of region with constant temperature and constent
cemposition , . | gl
B bese of region with constant temperature g;adient and ;
congtant composition . . . —
c base of raglon with constant temperature and constunt volume =
gradisnt of dissociation
D base of region with constant temperature gradient and _ -
constant volume gradient of disancimtion E
g acceleration of gravity variable E
m base of region of dissociation, whers oxygen is all molecular
n nitrogen molecules | | L
N non-oxygen (i. e., all constituents other than oxygen) o
o oxygen =
alr mixture of molecules in atmosphers - - k.

¢ latitude : . _ : .
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ADOPTFD SPFECIFICATIONS FOR THE UPPER ATMOSPHERE
Tentative Temperatures

Three sets of tentative temperature-helght relationships
have been adopted. Cne set gives tentative standard temperdtures
and the other two list values of the probabls minimum and the
probeble maximum temperaturea for the entirs world. These three
sets of temperatures which were originally recommended by the
Subcommittee on the Upper Atmosphere are glven by linear varia-
tions with altitude between the pointe specified in the following
tabulation of temperatures.

TEMPERATURES
Probable Tentative Probable
Altitude minirmm standard maximum
(Jcm) (°K) (°r) (°K)
@) ()
0 205 bogg 320
10.76923 bo1g -
11 250
17 180
20 bo18
25 T 255
32 218
45 200 : 380
50 ' 350
55 300
60 350
70 380
78 240
o 170 300
€3 240
120 300 375 600

8The values of ambient air temperature listed in these two
colums ere not intended to represent extreme values
for the entire world, and for all time, but rather
values that drackst the tempsratures over nearly all
the earth mogt all the time.

These values are stendard, and have 'been used. previously
in references 1, 3, &, a.nd. 5

These tempereture-altitude relationships are also shown in figure 1.
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Tentative Compositlon

The tentative composition used in computing the tables was
arrived at by taking into comsideracticn the fact that, at altitudes
below 80 kilometers in the day time and below 105 kilometers at
night, the generally accepted variatlons in chemlcal compositlon
are too small to affect appreciably the computed pressures and
densitiss. However, it ls believed thet at levels above. those
Just specified significent changes in composition result from the
dimssociation of oxygen molecules Dy solar radietion. It-1s further-
more known that the presence of water vapor in the atmosphere does
uot appreciably affect pressurcs end densities. As a result of
such considerations, end in the interest of slmplicity, the
Tollowing tentative specifications for composition of the upper
atmosphere were recommended by the Subcommittee and have been
adopted for the purposes of computing the valuss in these tables:

(1) For day time, the dissoclatlon of oxygen is such 28 to
produce a linear volume gradient from all-moleculer oxygen at
80 kilometers to all-atomic oxygen at 100 kilometers. Fxcept for
oxygen dissociation, the composition 1s the same a8 that at sca
level.

(2) For night time, the dissociation of oxysen is such as to
produce a linear volume gradlent from sll-molecular oxygen at
105 kilometers to all-atomic oxygen et 120 kilometers. Hxcept—for
oxygen dlissociation the compositlan le the same as that at sea
level.

(3) At altitudes below the reglons of oxygen dissociation
the compositlion is the seme ag that at sea level.

(%) At altitudes above the regionas in which both molecular
and atomic oxygen exist, as stipulated in (1) and (2), and up to
at least 120 kilometers, the composition is the same as that at
gea level, except for oxygen which is in the atomlc rather than in
the molecular form.

The variation with altitude of the specified molecular oxysen
contentof the stmospheres is graphically portrayed in figure 2.

PHYSICAL REIATIONSHIPS
Baslic Equations

In addition to the specificatiors for temperature and com-
position already listed, certain other assumptlons are made and
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o gerve as the basis for deriving the various eguations used in .
computing the properties of the upper atmosphere. These addltional
assumptions are:

{e) The s&ir is dry

(b) The air beheves as & perfect gas and hence obeys the
general gas law which may be written

T
£ .2 0N -
o5 =25 T )
0 0 0

(c) The air is at rest with respect to the earth and hence
obeys the basic law faor fluid statilcs

dp = -gp &h o (2)
By means of squations'(l) and (2) and equationé representing
r the adopted specificetions for temperature and compsdsition,
rolationships mey be -deduced between. pressure and height. The
equations representing the adopted specifications are : i
T =Ty + L(h - hy) (3)
where L is the temperature gradient AT/Ah, and

M. 1
My 1 -k(h - hy

(1)

wvhere X 18 the volume gradient of oxygen dissociation Awﬁah. The
derivation of equation (L) is given in appendix A.

In addition to the three assumptions Just listed, it is
necegsary to make an assumptlon concerning the value of the accelere~
tion of gravity. For the purposs of furnishing tables for the upper
atmosphere that wlll be consistent with the present standard tables
for the lower atmosphere {reference 1), 1t is necessary to make the
same agsumption concerning the acceleration of gravity as was used
in preparing the standard tables. This assumption is

(&) For the tables besed on a constent value of g the
S acceleration of gravity at all eltitudes is the
standard sea-level value; that is,

n

. 8=¢8 (5)
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For those instences in which closer conformity to actual conditiona
is reguired than is inherent in these tables it 1s necessary to
make snother sgsumption concerning the valuse of the scceleration of

gravity. This assumptlion is

(e} For tables besed on a variable value of g the accelera-
tion of gravlty varies inversely as the squere sf the
distance from the center of the earth; that is,

g = %(;{--E)E (6)

Preasure-Height Relatlonships

By use of the foregoing basic squations and assumpticas, other
equations are derived which relate pressure to altitude. "‘'Pwo sets
of equations are used, one set based on a constant value of g eas
specified in assumption (d), the other set based on the variation
of g that is specified in assumption (e). The deductions for the
first set are Indicated in appendix B and for the second set in
eppendix C. The equations that are basged on a constent value of g

are as-follows:

For combination A (constant temperature apd constant composition):

log, (_!%:)' Cpln - hp) (N
where
g0 To M
Cp=~ w5 T W (8)

For combination B (constent tempera.ture gradient and constent
composition) :

log <§-§) = Cp log (—%3—) (9)
where

p
goP:Lo l*bido (10)
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For combinetion C (constent temperature and conmstant volume gradient

of dissociation):
hej M
log <§—> = C~ log <-—> (11)
c c Mo

vhere

&PoTo

--POKT (12)

For combination D (constant temperature gradient and constent volume
gradient of dissociation):

2N - I M
log (PD> Cp log ('DD T | {13)
whers
~80PoToMn
Cp = B[ + ¥oTok) (1k)

The equations derived in appendix C, based cn a varisble value of g,
are more complex than those listed in the foregoing end consequently
they are not reproduced here.

Spesd of Sound

The speed of sound at any eltltude relative to that at sea
level is computed by the equation

(7 1/2 15)
15
aLo " | 7o

where the ratio of the specific heats ¥, as derived in appsndix A, is

128(h - h i
;75=1- ?(1Mo m (16)
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The variation with altitude cf the ratio of apecific heats 7
for the specified atmosphere is shown in figure 3(a).
Coefficient of Viscosity

Sutherland's equation for the variation of the coefficlent of
vigcosity with temperature 1s uessd. It is

. /2 .
L-@) (%) an
in vhich, according to references 16
3 = 120
when tae T's are in %K, and
g8 = 216
vhen the T's are in °F absolute.

A caution concerning the use of values obtained from
equation (17) for the upper atmosphers ig given in the section
entitled "Discussion of Tables."

Moclecular Mean Free Path

The ratio of the molecular mean free path at any altitude to
the corresponéing valus at sea level is computed by

A Dot (18)
Mo PTa&g

This equation is Justified in appendix D.

BASIC CONSTANTS

In the preceding eection eguations are given by means of which
several properties of the upper atmoophere are computed. These
computaticng involve numerical veluss of the several properties
et sea level, Appendix B discusses the chosen sea-level values for
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each of several properiles of the eatmosphere and they are listed in
table I in both metric end British engineeving systems of units.
Values are listed for each of the thres specified atmospheres and
in some instences the quantity 1s expressed in more than one unlt
in either the metric or British system.

The values listed in table T for the siandard atmosphere at
sea level are identicael with thoss used in references 1 and 5
except in a few Insteunces. The exceptlons are noted and explained
in appendix E. '

DISCUSSION CF TABIES

The appropriate equation Eequ&tion (1), (9), (11) or (13) for
the corgtant value of g, or (C3), (C6), (Ci10) or {Cl3) for the
varieble values of g) 1s used to compute the ratio of the
Pressure Pp at any helght to the pressure at the base of the

reglon to which that particular egquation eprlies., These pressure
ratios for each of the regions are then used to compute the ratio

of the pressure p to the pressure py at sea level. These ratios

p/py &re given in tables II to V.

By use of tho computed values of the pressure ratios p/po
and of the sea-level valus of pressure Py &s given in table I,

the value of the pressure 7P 1s computed and then given in
tables IT to V. The pressures glven in tables IV and V are
also plotted agalnst altitude in figure 3(b).

The remalning quantities given in tables II to V are
gimilarly computed by means of the eppropriate equation and the
corresponding sea-level value given in table I. The values for
these remalning quantitles given in tebles IV sand T are also
shown plotted against altitude in figures 3{c) to 3{(h).

Attention is directed to the fact that all tebles in this
report are bassd on the engineering system (sometimes referred
to aa the gravitational system) in which the fundamental quantities
are length, force, and time. The standard units for force used
herein are, therefore, pounds for the British system end kilograms
for the metric system.,



14 NACA TN No. 1200

Accuracy of Computed Tahles II to V

In tableg II to V all auantities except the mean free paths
of the molecules are tabulated to four significant figures, and
the mean free patha of the molecules are tabulated to three elgnifi-
cant figures. All computations for teble IT wers carrled through
to six significant figures and congequently the values glven in
this table are believed to be exact.

Most of the values for table IV were obtained from table II by
use ot sultable conversicn factors evalusted by a grsphical method
described in appendix C. The errors resulting from the method, and
therefore the errors in the values tabulated in table IV ere believed—
not to exceed 0.01 of 1 psrcent.

A method of graphical interpolation wes applied to obtain from
tables IT and IV the values for use at the intermediats levels
tebulated in tables IIT and V. The accuracy of this mothed is such
a8 to introduce an error of not over one-twentieth of 1 percent in
the values listed in tables IIT and V. Consoquently, whencver a
discrepancy exists bstwesen the metric und British values, ths
metric values should govern. :

Validity of Tabulated Values at the Higher Altitudes

Pressure, density, specific wsight, and mean fres path of
molectiles.- As was previously mentioned, the computations for
tables IT and IIT are based on a constant value for the accelera-
tion of gravity g so that the values listed would bs coneistent
with those appearing in the present standard tables for the lower
levels of the atmosphere (reference 1). The errors in the computed
valuos of pressure, density, specific weight and meen freo path
inherent in the assumption of a comstant—value for the acceleration
of gravity become progressively greater with increasing altitude,
being abcut 30 percent at 120 kilometers{ Hewevsr, a variatlion
of 30 percent in pressure at 120 kilometsrs corresponds to a
variation of less than 4 percent in altitude at this level, and
at lowoar levels the change in altituds corresponding to the errcr
in pressure rspidly approaches zero. It 1s apparent thercfore
that in at leaat some applications the velues in tebles II and III
will be adcquate end therefore useful. Furthermoro, they ropresent
an extensicn cf the present standard tables (reference 1) .

In order to satisfy the nsed that may exist for values that
are not affected by the use of a constant valuoe for the accelere-
tion of gravity g, tables IV and V are presented. In theso
taebles g 1is essumed to very inversely as the square of the
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distance from the center of the earth. This assumption therefore
takes into consideration the variation due to gravitational ettrac-
tion, but it does not allow for the effect of centrifugasl force.
The centrifugal force due to the rotation of the earth 1s knmown to
be only & small fraction of 1 percent of the gravitational force
at an altitude of 120 kilometers, and consequently this omission

does not result in e significant error.

v The standsrd value used for the acceleration of gravity at
- gea level (and at all altitudes for tables.II and III) is

9.80665 meters per second per second. This value corresponds
rather closely to the true acceleration of gravity at sea level

at latitudes 45°. (More mpecifically, it corresponds to the theo-
retical acceleration of gravity at sea level and at latitude 45° 2L
according to the Internationsl formula. See reference 17.) If
st1ll greater accuracy than is inhersnt in tebles IV and V is )
required at latitudes far displaced from latitude 45°, an estimate
of the latitude effect upon pressure and density mey be obteinod

by uae of the equation

& _ : o
P o9

whore 'p¢ is the pressure at altituds h and at latitude ¢,
and g, is the acceleratiovn of gravity at sea level and at lati-

tude ¢. A similar equation (replacing p's with p's) applies
to densities.

By means of equation (1G) it can bs shown that a latitude ™
correction factor (L.C.F.) defined by

P
L.C.F. =—Z. - . (20)

can be computed by

L.C.F. = (E_> € (21)
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If values of &) from reference 17 are used, the followlng
values -for the exponent (80¢ gu)/bb are obtalned:

Latitude | g0y 7 B0 . Latitude g " €.
(#eg) & o (d9og) ""'go""'."
10 - -f-'-d 50922 &0 1 2837e
B0l -2,05299 70 1.98732
30 -1.35337 8o 244701 -
o | T0.h9hos - 20 2 .60670

The foregoing expcnents when applied to the values of prebsure"
ratio p/po tabulated in tables IV end V glve the values of the

latitude correction factor described by eguatizns (<0) and (Z1).
For.latitudes at increments of 10% and for altitudes at incrementas
of 10 kilometers the latitude corrsction factors that are applicable
to the pressures given in tables IV and V have been computed und
are presented in table VI. By means of tsble VI it 1s thersfore
poesible to obtain computed valuss. of pressure which taks into
consideration the variastion with latitude of tho sea-lsvel. valus

of.- the acceleration of gravity “This ccmputation may bq made
by use of equation (;O) which may be written Py = (L C.F. )

Coefficient of viscosity and kinematic viscosity.- The
Sutherlend.-formula (equation (17)) is strictly spplicable only to
a gas of constent composition end to pregsurgs.which are not: too:
emall, and conssquently the tabulated values for the coefficlent
of viscoslty and for the kinematic viscosity are obviously not
entirely reliable at the higher sltitudes. However, the lack of -
data on the viscosity of oxygsn. in the atomilec form does not permit
at this time an estimation of .thé correction that is needed to
allew for the specificd dissocisticn. Furthermore, because of tho
fact that the effective valus of the viscosity of & a8 at very low
pressure rlowing over & body deponds on the size and shape of the
body, it is not practical toc give & correcticn that will be
applicable to more then ene specific size and shepe of a body. The
values for viscosity at the higher altitudss should therefore be
used with caution. -

Spwod of sound.- The tsbulated values for the speed of sound
are belisved to be correct for all altitudes coversd by the tables.

<!

Y
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Caution should be exercised, however, in using the tabulated values

7

for the upper altitudes in comnection with Mach numbers because at
high sltitudes where the mean free paths of the alr molecules are

large in comparison with the dilmensions of the body moving through
them, the laws of fluid dynamics do not apply and the laws of

particle dynsmics must be used.
example, are computed for these conditione by use of the laws of

When asrodynamlc forces, for

particle dynamics the most probable speed of the air molecules is
found to be the basic quantity rather than the speed of sound.

As in the case of viscosity, the altitude range in vhich the
most probable spsed of the air molecules replaces the spesd of
sound as the basic gquantity depends upon the size of the bedy

under considseration.

aerodynamics.

In any case in which the most probable speed of the air

molecules ¢

is needed rather than the vslocity of sound a 1%
is poesible to obtain the value of ¢ from the value of =a

It 18 conssquently not possible to specify a
single level at which the molecular speed becomes significant in
For this reason values for the speed of sound arse
listed to 120 kilomsters.

in the taebles by use of the appropriate factor obtained from the_
following tebulation:

listed

Ratio of the most probabls molecular

2

Altitude, h speoed to the speed of sound, §== p
(m) (£t) Day ' Night
80,000 262,167 1.195 1.195
85 000 378 8ri 1.18 1.195
90,000 265,275 1.183 1.195
95,ooo 311,679 1.176 1.165
100,000 3.:8 083 1,170 1.195
105,000 344 487 1.170 1.195
110,000 360, 892 1.170 1.187
115,000 377,296 1.170 1.179
120,000 393,700 1.170 1.170

The fact should be emphasized thet the values given in the

CONCLUDING REMARKS

tebles for the uppsr atmosphers are only tentative and as such may
become obsolete after a sufficient number of reliable direct
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measurements of certain quantitiss have beon made avellable. In
the meantime these tentatlive tables should be useful not only in
serving as a basis for comparing performence characterlsticg and
estimating limiting values of performance, but also in securing the
additional date needed for revising these tenta'bive ’cables for the
upper atmosphere.

Langley Memorial Aeronsutical Iaboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va., December 6, 1946
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- - APPENDIX A

VARTATION WITH ALTTIUDE OF MOIECULAR WEIGHT
AND RATIO OF SPECIFIC HEATS
Molecular Weight in the Region of Oxygen Dissociation
Consider an initlal unit volume of normal alr composed only of
molecular gases, consisting of oxygen and other constituents. ILet

all the non-oxygen constituents be ¢iatomic of average mnlecular
welght My, end let the molecular weight of oxygen in the molecular

form be My, &and in the atomic form M. Then

=1 _ |
My = 5Mp . (A1)

Lot the initilal conditions be as follows:
ALY volume of all-moleculsr oxygen at height hm
1 - v5 volume of non-oxygen components at height b,

Mo average molecular welght of the initlsl air mixture at _
height by T
Then

My = voMp » (L - vo)¥y (a2)

At helght h, between h, and h, (where h, 1s height at
base of region in which dissociation occure, and hy is heigh‘p at

top of the reglon, and whers all the oxygen is in the atomic Pform)
the volume of wmolecular oxygen vy, per unit initial volume of

normal air is
hg ~« h
o = %o | e - (a3)
= ° (ha. - hm)

end the volume of atomic oxygen Ve Per unlt initlal volume of

normal ailr is e

a4

va B 2vo ( ha.-"h:.n?\)

(AL)
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Therefore, the average molscular weight M of the atmosphere
at helght h oan be shown to he

M= Yo (a5)
1-Eh = hm)
whare )
Vo '
K= - (A6)
ha. -

the volums gradient of molecular oxygen, Av/Ah.

Ratio of Specific Heats in the Region
of Oxygeen Dimgociation

The ratio of specific heats ¥ for dilatomlc gases 1la lakcn
to be 7/5 and for monstomic geses, 5/3, IF the ratio of the specific
heats 7 for the atmospherse is ascumed to he given by & weighted
average, according to reletive masses; of the values of 7 for
diatomic and monatoric geses, it can bs shown, by using equations (Al),
(A2), (A3), end (A4) that Ffor thiose regions of the atmosphers in
which dissoclation of. oxrasn occurs - )

Y . (Mp\fh - By '

The standard value for 75, fTor the etmosphers at sea level,
is 7/5, and for My the standird valus ias 32. Therefore

<
]
V-3

28 (h - bp)

Y0 21y (A 8)

It is estimated that in the tentative stendard atmosphere the
variation of ¥ due to pressure and temperature effects is only
about 0.6 of 1 percent. For this resson the effect of pressurse £nd
temperature upon 7 is ignored in computing these tentetive tables.
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APPENDIX B

VARTATION OF PRESSURE WITH ALTITUDE (ASSUMING THE

ACCELERATION OF GRAVITY IS A CONSTANT g)

The equations relating atmospheric pressure to height for all
altitude ranges in all thrae atmospheres (minimum, standerd, and.
maximum temperatures) are only four in numwber. These four_equgtions
represent all possible combinations of the two types of temperature-
height relationship and the two types of composition-helight _
rolationship. The deductions of the equetions are based upon the
familiar hydrostatlic relation

dp = - gyp dh (B1)

and upon the general gas equation

LB 2 .7 (B2)

Theese two equations, when combined, glve

dp _ _ BP0t B

5 2o (B3)

-

The differential equation (B3) is then used for deriving algebraic
equations for pressure as & function of altitude, for each of the
four combinations of temperature-height and composition-height i
relationships previously discussed. The derivatlions are indicated
in the following paragrephs and the resulting equations are used

in the preparetion of tables II and III. : : .

Combination A (constant tempersture and constent composition) .~

The type of atmosphere in which both the temperature and composition
are constant may be represented algebralcally by

T

Constant C——

M

Constant
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Eguetion (B3) when integrated betveen th.e 1imits of height hA and
height h +then becomes,.

1%@) 8°p° (B - 1) (Bk)

&

vhere h, 1s the base of the region in which type A conditiona
prevail. . :

Combinetion B (constant temperature zredient and constent
composition) .~ For the type of atmosphere having a constant tempera-
ture gradient ard constant composition, let the temperanture gradient
be ropresented by

L = Constent = 2% (B5)
and the tempereture by .

T = T, + L(kh ~ hy) | (B6)

where TB end hp are the respective values at the base of the

reglon to which combination B conditions prevail. Alss M = Constant.
Equation (B3) then becomes . -

dp _ [ -GoPoTM _an (87)
P PQMO TB'+ L(h - h_Bj _

and when integrated between the limits of hg and h this equation
becomes

() L () oo

Cormbination C (constant tempersture end constant valume .
gradlent of dissocietion).- In the type of atmosphere whore both '

the temperature and volume gradient of diseociation are constant:

r

T = Congtant . =
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and en expression for M eas a function of. h is derived in
apperdix A, and it is found to be

¥

M=1-K(h-hm) (B9)

where X 1s the volume gradient of molecular oxygen defined by

K = % = Constant (310)

Using tkese relationships with equation (B3) glves

%13 oo BofoTo B (p1n)
por{1 - tn - Byl

Integrating equation {Bil) between the limits of he and E,
where hee is the helght at the base of the region in which type ©
conditliorns prevail, gives

' 8oPoTo Mo -
108(;% = ‘;&T‘E" log <Tf) {B12) |

Combination D (constant tempersture gradlent and constant vyluge
gredient of dlsscclation).- The type of atmocphere having both tne o
tempersture grodient erd the volume gradient of dilssociation corstent
is rereired to as ccabination D. For this conination, THe expres-
sion Ivr moleculsr welght given in equetion (83) and an appropriate
podifination of equation (BS) give, for equation {B3} , the following
equatlion:

t_lg,:_ gop.@Todh
P R E ) [ 7 ]

(B13)



24 : NACA TN No. 1z00

Integrating the variable part of the right-hand member, between the
limits of hp and h, gives j

1 T + L(b - hp) | °

log
(1+ Kol + (Tp - p)X 1 - E(k - By) | g

Therefore

2\ _-&PoTo ™
oe (PD) P Mok + VKT 108 (TDMJ (B14)

!



NACA TN No. 1200 25

APPENDIX C

VARTATION OF PRESSURE WITH ALTITUDE (ASSUMING THE ACCELERATION
OF GRAVITY VARIES INVEBSELY' AS THE SQUARE OF THE
DISTANCE FROM THE CENTER OF THE EARTH)

The equations relating pressure and altitude derived herein
are based upon the general differential equetion derived from
equetion (B2) of appendix B, from the hydrostatic relation

dp = -go dh (c1)

and from the equation repreéenting'the inverse square varlstion of
the acceleration of gravity

This general differential equation is

" .
-8nPaT dh
glf_gsoooMr (c3)

PoTMp(r + h)?

’

As in appendix B four eguations are deduced for use in each of
the four possidle combinations of specified temperature-altitude and
composition-eltitude relationships. The resulting algebralc equations
ere used in the preparation of tables IV and V. The deductions
for cech combination are indicated in the following paragrepha.

Combination A {constant temperature and constant cong@sition) .-

For combination A (constant temperature and constant pressure) the
elgebraic equation relating pressure and altitude is obtained by
integrating equation {C3) betwoen the limits of altitude h, and h,
The result is ' _. _

-gnPnT ¥ (h - hy)
log, (l) = Sfe"oh & (ck)

A/ g PoMy  (r + h){r + by)
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(Note-that in this equation and succeeding equations the subacript g
is ugsd to indicate values computed with the varistion in the
ecceleration of gravity that is gpecified by equation (C2).)

Combination B {congtant temperature gradient and constant
composition) .- For combination B (constant tempersture gradient end
congtant composition) the differential oequation 1s obtained by
substituting in equation (€3} the value for T glven by

T = Tg + L{h - hy) (c5}

The differential equation ig then

. 2
%? - =8Pl oMr ldh = (c6)
PMo[Tp + L(h - hp) |(r + n) .

The algebrelc equation obtained by integreting equation (C6) tetween
the appropriate limits 1s

2\ . r(h - bp) rl, (r + n)Ty
103e(p3)8 B[ r + 1 (x + Bp) © rL + byl - Ty Yo% Tr hg)T (en
where

C paT |
Cs EoPoToM 8

5 polT - g - Tip)

Combination C {constant temperature and constant volume gradient

of dissociation).- For combination C (constant temperature and constant
volume gradient of dlssociation) the differentiel equation 1s obtained
by substituting in equation (C3) the velue of M glven by

Mo .
‘ | M T - (c9)
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The differential equation is then

gg 'SopoTor dh (¢10)
pOTE. K(h - hm).l (r + h)

The algebraic equation obtained by integrating equation (Cl0)
between appropriste limits is

M(z 4 h) r(bg -
l°ge< > CG l + th log, Mo(i : hC):fl (r + h) (r + hC) (c11)

where

~&0P0T0 '
T + Khg (c12)
poT(K + T )

C =
Cq

- Combination D (constant temperature gradient and constent volume
gradient of dissgociation).- For combination D (constant temperature
gradient and constant.volume gradlemt of dissociatiom) the differential
equation is obtained by substituting in equation (G3) the values
of T and M glven by a slightly modified form of equation (C5)
and by equation (C9), respectively, . The resulting differential

equation is then - - B~ S e
2- o o ;o
o pO[TI‘D+L(h-hD]E.-K(h-hm](r+h) S
The algebraic equation obtained by integr@.ting eq_ua.tion (013)
'be't.ween a_ppropriate 113111_ts is S < T

T - ._.,__._
'

r’_.a(h-h) ' / )
D D b 1+ xh.
1086(55)8 - CDB'(l TR (T + 5p) T x %% ('1‘+' xh"5>

+2 10%@.%) w8 1089(5_3%) (o34



8 o o .7 . -NACA TN No. 1Z00

where

oy
N (c15)
"Dg ™ 5o (T - Tip) (1 + 2o

x =
r

N S
(Tp - Lhp)
. S
(1 + khy)

2 (x° + y7 - y¥x = zX)
{z -~ x)(y - x)*

_ x(2yz - xy

b - x2)
(2 -x%y.-0"
° . e

‘ Yo (y -=m%z - y)
a., 2
2 (2 - 02z - )

Equations (C4}, (C7), (Cil), end (C14) were used to compute the
pressure ratios at the transition levels only in the tentative
standard atmosphere. By dividing theae pressure ratios by.the
pressure ratios at the same transition levels obtained by use of
the equations in appendix B based on & constant value for the
acceleration of gravity, a conversion factor was obtained for
each of the several transition altitudes.” Since 1t was impractical
to use these complex equations for directly camputing the preasure
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ratlios at all the lsvels recordsd in tables IV sand ¥, the

values at these numerous intermediate levsels were arrived at as .
follows: T

(1) For each altitude a valus for the conversion factor
wag computed by algebraic summation from the equation

T
105568) PgMg > (g - &)fan (C16)

where Pg ig the pressure based on the varieble vaiue of g,

and p is the pressure based on a congtant value for the accelera-
tion of gravity. In equation (C16) the proper value of g, T,

and of M was substituted for each region of the atmosphers,
according to equation (C2), (C5), end (C9), respectively.

(2) The values of Pg/P 80 computed were plotted against

altitude to define the shape of the curve relating pressure ratios o
to altitude.

(3) The accurate values for the pressurs ratio computed by
equations (Ck), (C7), (Cll), end (C14) and by equations (B4), (BS),
(B12), and ( BIAS were algo plotted and another curve was drawn
through these polnts representing the accurately computed 1atios
and faired according to the curve drawn through the points obtained
by use of equation (C16).

(4) The curve arrived at from step (3) was them used to obtain
conversion factors for sach of the altitudes recorded in
tables IV and V.
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APPENDIX D

MOLECUIAR MEAN FREZ PATHS

Ratio of the Meean Free Paths of Moleculos

The conventicnal equation for the mean free path of the
molecules A of a gas (refercnce 18 is

1
A= (p1)
n {2 Hg?

Therefore the ratio of the mean free path abt any altitude to the
value at sea level is

Ny /0a\E
%3..?[9(3@ (D2)
But '
Nm = p (p3)
and
we=fr = (o1
Therefore
B P .
0 o T
T"ﬁ"g‘% (D5)
and
v Por g (90\°
re2n2 (@ (vé)
0 P *0 & \@
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For all constituents of the atmosphere sxcept oxygen in the region
of dissociation,

0'=O'O

In the absence of available dats on the diameter of atoms of oxygen
relative to that of molecular oxygen, and in consideration of the
fact that the small difference in these two diameters of oxygen has
an even smaller effect upon the average diamester of all etmospheric
conastituents, and for reasons of simplicity 1t is hereln assumed _
for oxygen also that o = op. For the purpose of computing thess

tables therefore equetion (D6) is simplified to

»_ RooT

=

0-T g 7y
% P To & —(Dﬂ—

Furthermore, in those computations that are based on & constant
value for the acceleretion of gravity

8= g

whence equation (D7) is further simplified to S

P
A 0T _ (D8)

Mean Free Paths of Molscules at Sea Level

The values of the mean free path of the molecules at sea level
given in teble I are for nitrogen end oxygen molecules in & normel
etmospheric mixture of nitrogen and oxygen. These mean free paths
are designated A, and A, respectively. A weighted average of
the foregoing meen free paths, based upon the relative volumes of
nitrogen and oxygen in air is also included and is designated Agip.

The mean free path of the nitrogen molsculeg in the atmosphers
at sea level was computed by the following formvla (p. 99 of
reference 18):
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N number of nitrogem molecules per unit volume of sir
No muber of oxygen molecules per unit volume of air
on dilameter of nitrogen molecules

dlameter of oxygen moleculss

-4 gverage dlameter of nitrogen and oxygen molecules
[ average speed of nitrogen molecules

(7N average speed of pxygen moleculas

Similarly, the mean free path of the oxygen moleculse at sea level
wvas ecomputed by

h 3
X, = {p9)
o
\,E' ) + 6.2
1t ¥2 Noo°2 + ﬂNn'ig-—--——--—-'n = 2
)

The velues for the avermge speeds Tp &nd T, were obtained from

the formula T = @ The velues for o wore teken from

appendix ITI, eolumn %, of refersnce 1B. Values of K, and N,,

the munber of molecules of nitrogen and oxygen, respectiwvely, per
unit volume were calculated from the Losckmidt mumber and the
relative wolume of the nitrogen and oxygen in air ak sea level.
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APPENDIX E

VAIUES OF CERTAIN CONSTANTS T

Tentative Standard Atmosphere st Sea Level

The standard sea-level values for various properties of the
etmosphere have been listed in reference 1, and sea-level values
for certain other properties are listedin reference 5. Most of
these previously listed values are adopted for use in computing
the tables herein, but a few changes have been made. The changes
ere as follows: -

Speed. of sound.- The valuss for the speed of sound have been .
eltered slightly to avoid the discrepancy which exlsted between the
values previcusly listed and the values computed by the conventional
equation .

|70
%0 =\ eg (@)

The values for ay listed in table I are computed according to
equation (E1) by using the appropriate values for Yg, Dg» and Py
thet are also listed in table I.

Density.- The values for density in the British engineering
system has %een_changed from 0.002378 to 0.0023779 slugs per cubic
foot to avoid discrepancies resulting when computations are based
elther on the standardized value for specific weight, 1.2255 kilo-
grams per cubic meter (veference 1), or on the derived value for
denslty.

Molecular mean free paths and molecular weight.- In addition
to the various quantities previously given in references 1 end 5, the
present peper lisgts molecular mean free paths and the average
molecular weight of normel see-level air. Molecular mean free paths
for the nitrogen molecules and oxygen molecules in the normal alr
mixture have been computed and a weighted average for air has been
taken, as described in appendix D. The average molecular welght
of normal sea-level air is taken as 28.966 in accordance with
reference 19,




3k NACA TN No. 1200

Pregsure.- The value for pressuve in the British engineering
system has been changed from 407.1 or 407.2 inches of water at 15° C
as used in reference 5. snd refersnce 20, respectively, to 107.15 inches
of water at 150 C. This value oFf 407.15 is the computed value
corresponding to 760 millimeters of mercury based on the auxiliary
constants and conversion factors listed in the last section of
this eppendix E.

Table of Sea-lLevel Values

The values for the varioua properties of the atmosphere at
sea level corresponding to the adopted wvalues for probable minimum
end probable maximum temperatures are computed from the values
correagponding to standeard gea-level temperatures. All three sets
of values uped in both metric and British enginesring systems of
units are tabulated in tedble I. In some Instances a guantity 1s
listed in more than one unit, in either the metric or British
syatem. .

Auxliliary Constants and Conversion Factors

In addition to the atmospheric properties at see level given in
table I certain other basic constants and conversilon factors are
uged in computing tables IT to V. They are

Auxiliary constants:

Density of mercury at 0° C, gm/cm3 . e s e s e e e 13.5951
Standard acceleration of gravity, g, cm/866? o o . " 980.665
Density of water at—15° C, gm/ml . .« « ¢« « ¢« o o o 0.9991286

Radius of the earth at U50 latitude and at ses level, m 6,367,623

Converslion factors:

1 1v = 453.5924 gm

1 meter = 3.280833 ft ' .
% = % 4 273 "

°F abs = °F + usg.i;
1 ml = 1.000027 om>
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WABLE T, FROFERTTRES OF THE A'MOSPHERE AT SEA LEVEL
Mstrio engineering system British enginssring system
Quantity Symhal it At probable At “”“‘:”g At probable _— At probabls tt at m”‘ At probable
tempsrature | PORPATALINO | ¢omenature temperatare | “CRPOTE tempereture
Tanpera ture ty % -38.0 15,0 ¥.0 op -54.5 59,0 116.6
Absolute temperature Tg e 1 £25.0 288.0 320.0 OF abs. %05.0 5183 576.0
™o g at 0°%0 | - 760 760 760 in Mg at 320 29,9212 29,9212 29.9212
Pressurs P, xg/a? 10332.3 10332.3 10332.3 in, water at 1_5“0 K738 o7 25 20715
dynos/on” 1.01325¢106 | 1.01325x106 | 1.01325a06 1/et2 £116,23 2116.23 2116.23
/o 1,5686 1,0255 1.1030
Spacific welght 1/0t3 Q.0 0.076506 0, 063
pecific velgs “0 dynes/omd 1,5393 1.2018 1,0816 / 97928 %
Denoity Py = %g xg-neo? /ut 0.15995 0.124966 | 0.112%7 sluge/rs3 0.0030837 | ©.,0023779 | 0.0021%01
kg-asa/n? 1.4852x10°6 | 1,81871076 | 1.9751x1076 . 4 ' . .
Cesfficient of "'150051!7,' "’o ( poiae/ 2) 1%)(10-8 17835(10"8 19369)(10-8 1b"lﬂ0/ft 3.042@(10 3.7250!10 #.0455"‘10
dyna_sac/on
Finematic viscoslty v, = %o_ 22/sea g.2848x1076 | 14,58%a076 | 275611076 £t%/n00 0.00g8ca0~" | 1.566m<107* | 1,8903a07%
o
£t/8e0 086,61 1116,22 1176 60
w/aea 300,72 3k0.22 358.63
Spesd of sound a - aph 672,69 TO1.06 802,23
o i/t 1082,6. 12648 12011
. knots £8k,15 660,90 696,65
Memn fres path of A n 576078 | 7.38x1078 | 8.20x2078 £t 0.1891x10°5 | o0.ehenac S | o0.260m16°6
nitrogen molscules o
: -8 -8 —8 -6 -6 2683100
Nean fras path of A ) n 5.75x10 7.36x10 8.18x10 & 0.1887%10 0.2415x10 0,2683x10
oXygan molecules ° ! . :
-8 8 -8 : -6 -6 -6
Mean free path of LY n 5.76x10 7.37%10 8,190 - - £t 0,1890%10 0.2419x10 0.2688a0
alr moleoules '
Avarage molscular N ———— 28,966 28,566 28,966 —_— 28,966 28,966 28,966
welght [} - i
Ratio of specific hmats "ro ' e e 1.k 1.4 1.k _~—— 1.4 1.% 1.4
' P
Ralative voluwo of ) - 0.2005 ' | 0,205 0.2095 e ! 0.2095 0.2095 0.2095
axygen 'i . :
i s ! 1 i )

MATIONAL ADVI3ORY
COMMITIER POR ABRONATTICS
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TABLES I AND IO

PROPERTIES OF THE UPPER ATMOSPHERE

FOR TENTATIVE STANDARD TEMPERATURES

BASED ON AN ARBITRARY CONSTANT VALUE
OF GRAVITATIONAL FORCE

The following set of two tables (tables II and III) constitutes a
consistent extension of the standard tables for the lower atmosphere
(NACA Rep. No. 218)., Consequently, altitudes in this set of tables
which correspond to specified ambient-air pressures may be referred
to as ¢‘tentative pressure altitudes,’’ and those which correspond to a
specified ambient-air density may be referred to as ‘‘tentative density
altitudes’’ (NACA Rep. No, 474).

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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SARLX “IT... PROFERTIES OF THX UFPER ATMOSFEZRE FOR TENTATIVE STANDARD TRHFERATURES BASED OF AN ARBITRARY

GONSTANT VALUE OF ORAVITATIONAL FOROE — HETRIC ENGINEERING SYBTEX
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NACA TN No. 1200

TABLE II,—PROPERTIES OF THE UPFER ATHOSPHERE FOR TENTATIVE STANDARD TEMFERATURES BASED ON AN ARBITRARY
CONSTANT VALUE OF GRAVITATIONAL FORCE — METRIC ENGINEERING SYSTEM ~— Concluded

Abaolute Kineme Hean
Altétuda, te:s;m- Prexsure, ?rozmo D“‘B’-"‘L D;::;_-g’ 35:;5%" ogcg::::;:;, 715005;}-;; Speed of Plthri;.
., ratio, ’ 7] sound, »
{m) 3 (ks}ne) »/r, (5_!;_' "’2) o - ¥ = &0 -l:uc Ve s . ‘0“;“1"
(°x) x 0 (ke/m’) - (n?/g0c) | (w/sec) [¢9)
(1) (1)
(b) For day only _
80,000 | 2%0.0 0.3256 | 215110-8 | 7261079 | 3782x1078| A63sx1078| 1.568106 . 95103
81,000 24010 0.3826 | 273 3060 3248 32315*1 3288 8.;&% %%2:? 3.2
82,000 2%0,0 0.2857 23 353 2@3 26 1.568 0.%485 318,5 e.§2
gg,ooo 240.0 gﬁg 2070 3009 2 1 1,568 0.5211 316, 2.
000 43,6 N 1806 2561 20kg 2512 1, K 320, ?1
gg,ooo 2487,3 0.163% 1582 2188 151 21 1. 0.7338 325,2 2
,000 zso.g 0,1435 1382 187% 1500 18 1.6% 0.8682 329, %62
gg.ooo 25%, 0. g 122! 1612 1290 31, 1.6 1,021 333.9 .32
,000 ggg.a 0. 1082 1391 1113 136% 1.666 1.1 3}3.3 W11
89,000 .9 0.09908 959.0 120% 963.7T 1381 1,685 1. R, T 6.99
90,000 265.5 0,08810 8s2.7 1086 837.1 1026 1.70% 1.62 7,1 .
91,000 239.2 07850 9.7 510.9 225.9 893,2 1.723 1.832 3515 ;’_3;
92,000 272.8 0,07016 73.0 95.7 36.3 g 1.742 2.123 i 10.
gz,ooo 6.5 0,06285 608.3 9T+0 23'9( 83, 1.760 2.5 . 11.
,000 280.1 0,056%3 246% 6113 .7 508.1 1.779 2.50 6% .8 13,
g,ooo 283,8 0,0 d:l. §38. 331.1 Egs.b 1392 3.3 369.2 1k,

000 287.% 0.0 3.7 75.8 oT .6 1,31 2 16 .7 16.6

,000 291,1 0.081k% xol.1 21,0 36.9 %12.9 1.83% <357 378. 18,6

,000 294-1 0,03 363.5 373.5 N} 3662 1.852 X, 2.6 20.{

99,000 298, 0.03%10 30.1 332,0 o7 325, 1.8 5.633 387.1 23,
100,000 302.0 0.03102 0. .8 236.7 290.1 1.888 6. . 25.
101, 305.7 0.02827 %%E g&g £i3.1 X.2 1.906 331_9,; %91.3 'zgg
102,000 309.3 0.02579 249.6 2%, 192.1 235,5 1,52k .013 3%.2 31,7
132,000 313.0 0,02358 gggg 216'8r 173.% 212, 1.9k 8,959 Egg.s .1
10k,000 315, 0.02153 . 195. ; 192.0 1,95 10,00 .9 .9
183,000 320.3 0.01970 T ﬁz.a k1, . 1. 11..16 03,2 3.0
105,000 323, 0.01805 1787 5 128.% . 1.99% 12,%2 X05,5 7.5
107,000 327. 0,0, | 160.2 135.5 116.% k2.7 2.011 13,82 7.7 52.3
108,000 331.2 0.01519 | 1¥7.0 132.1 105.7 129.5 2,028 15,36 310.0 g‘r.'r

,000 33k.9 0.01385 | 135.1 120.0 .03 7.7 2.0%5 17.0% 12,3 3.5
110,000 338, 0.01283 | 224.2 109,2 87. 107,1 2,060 8. N1k, .

; 3W2.2 0.01181 | 11%.3 99.%0 7;.32 ggTia 2.07! 20.829 ;}.6.5 .3 .
112,000 3358 0.01088 105.3 30.60 "{g.so 8! 2.0 23, %18, %0
11;, 39,5 0,01003 g’r 2.66 W14 81.0 2,113 gg x21, g2.1
11k,000 353:1 0.00 .58 &g 60.%0 Z!.oz 2,12 21 X23.3 101
ﬂg,ooo .8 0.00 sz.E 9,00 55.21 T.66 2, 31,10 A25,5 110

s 5 0.007908 | 76, 63.13 Eg 61.21 2.162 3%, m.; 121
ﬁg.ooo gg’«.l 0. 8 0. 57.8; . 56. 2,179 27. %29, 1{3

000 T.Z 0. £ Eg k2, 21. 2,195 1.43 X32.0 1
119,000 371, 0,006 B o 38.89 T 2,211 35,50 23,3 157
120,000 375.0 0.005810 | %6.2% &k 62 35.71 %3.76 2,227 49,92 236.3 171

(¢) Por night only

000 | 2%0.0 0.3256 | =51x10°8 | k726x10-9 2x10~8| 16351678 | 1.568x1076 0.3318 0.6 1.9%a03

,000 2%0.0 0,282% 2733 X099 %Z'éo kogg* 1.568 0.3 5 %%.0.6 2,25
82,000 2%0.0 0,2450 2371 3 28k 3486 1.868 0.kk11 330.6 2,59

é.ooo 2%0.0 0,212% 20 2 goz; 1,568 o.zggi 310.6 2.29
8k,000 2k3,.6 0,18k5 1785 26&27 2110 586 1.%6 0. 312.9 E. 9

,000 2%7.3 0,1505 155 1 180 217 1.607 o.guc 315.2 OI

2000 250-2 0,1399 13 19%3 15 1905 1.627 0.8376 317. kT
BB | ohE | BR[| EE | BB |BE | IS B | g
89,000 %.9 0.09383 908.1 12 998, 122 1.585 1.350 32k % 7.33
99,0 . 0,082k .8 1081 . 1060 1.70% 1. 26, 8,52
51,000 2?9.3 o.ggzi 753 g8.8 e .£ 1783 i $8:3 9:88
92,000 272.8 [ 8 225 18.2 16.5 3.3 .6 1.7%2 2.131 331& 11.3

,000 gg.s o.og T 2&6 5 9.3 697.7 1.760 2.32 333. 12.3

,000 e 0.0 295 R 21,1 ] 609.1 1. 2,86% 335.5 1A,

,000 283.8 0.0k 22 y28.3 iks.e X3%.6 Eégz 1. 3322 337.7 17.0

,000 287.% 0.03 380.0 75.8 N4 K 1, 2 339.9 19.%
o @3 | oo |ET (¥ (B ol | s | @ | Ed
99,000 298.1 0,02767 2673 323.0 5 312.3 1.870 5.790 3u6.3 23.5
100,000 2.0 0.0246! 239.0 28% .8 227.9 . 1.888 6.630 48,5 2.
101,000 3335.7 o.ozeo-’} 213.6 251.2 201.2 2122 1,906 g 9 gso. 362
02,000 309.3 0.01975 | 1gi.1 222, 178.0 218.1 1.52% 851 352. ,,%"‘
103,000 313.9 01770 171, 197.0 157.6 193.1 1.942 $.859 35k, .8
108,000 .6 .0 153. i74.7 132.8 i71.3 1.958 11. 356.3 52.'{
105,000 320.3 0,02 0 155.1 124 .1 152.1 1.97! 12,7% . gg

,000 323.2 0,0128% 12k .2 .2 109.0 133.5 1.99% 1k, 3.9 -Br

107,000 327, 0,011 112,1 119.8 gﬁ.&g 117.5 2,011 16.78 362.0 gk.
108,000 331.2 0,010 101,k 205, .62 103,7 2,028 19.18 374.1 3.6
109,000 33%,9 0.009501 91.95 93.60 T™.90 9179 2,045 21.85 379.2 §3.2
110,000 328.5 0.0086 %.58 83.06 66.%7 81.%6 2.062 24 .8 38'&.2 104
111,000 382,2 0,007887 I 3.90 59.13 g.w 2,07 28,1/ 382. 115
112,000 3%5,8 Q. 3 69,52 91 Ee.'{ .63 2,0 31.80 39k.6 127
113,000 3%9.5 0. 63.52 gg 7.16 57.7 2.113 5.85 2092’3 131
11%;,000 353.1 0. .32 2. ¥2.2g E%' 2.133 gg .9 155
115,000 355.8 0.005534 3,56 T.41 31.9 J9 2.1 5, #10,1 170
116,000 360.% 0,005091L 9.28 32,66 3 .Lg £1.83 2,162 50.29 s,
117,000 36k .1 0.00 A5 4k 38.%7 30. 37.73 2.179 . E k20, 20;
118,000 :9671 0,00k3 1.31 34.17 27.82 3*'32 2,195 3.1 k25,8 22
119,000 371. 0.004011 | 38.82 3147 25,18 . 2.211 70,27 331.0 gg

170,000 375.0 0.003718 35.98 .55 22.85 28.00 2.227 78,01 %36.3

lmhe values for viscosity lizted in these coli=ms are not spplicable at e higher sltltudes where the mesn free paths of
er than the dimensions of the b be.

the molecules &re commarable to or L

are based on the conventional Sutherlend formula for normal alr gnd, consaguen

of dlssociated oxygen in the atmosvhere at the higher levels.

conzidered, Furthermore, the values listed

1y, no allowance has been made for the effect
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TABLE IT ,—PROFERTIES OF TEE UPPER ATMOSPEERE FOR TENTATIVE STANDARD TEMPERATURES BASED ON AN ARBITRARY
CONSTANT VALUE OF GRAVITATIONAL FORCE — BRITISE ENGINEERING SYSTEM — Ountinued

Absolute
Altitud -1 Pr Density Specifi Goefficient |X¥inematic M r
5 e, ten)cﬁz.';u essure, !‘;::;:z’-e Density, ratio, ggight‘: “Osucg!iw' viacua&w, ng‘alg.d?f ;::h o;e
(re) cr a; ) (n/gt’t’) /70 (slugs/£t3) o= pi' v = gP (15 s :/:1:2) V= . molecules,
5. b
o (10/rt3) ) (£42/300) (£t/8ec) (£t)
(b) For day oniy
262,467 %32.0 0.06669 3.151x18-5 | 89.9310~9 | 3.782x1075| 2.8930™§ .21210-7| =3
g;ggg ¥32.0 0.062311} 2.9?9 83.75 3.522 2.6 355 3:2-:% 1038 g:g?;no
260,000 n3§.g 3.3572 g.zﬁ .33 3.210 2, 3.212 +20 1026 g.ks
268,000 ¥32.0 g.00257 2.38% 59.85 2.929 2,281 3.212 k.612 1030 a2
2000 b 0.0%8 2.282 53'89 . 2,046 3.212 5.051 103k 8.8
, . . o 07 2.442 1.868 3.212 5.531 1038 9.
27%.3@ i 2.g 0.0¥ 81 2.070 57. 2.%08 1.8%2 3.212 2.610 10 9.7k
el N A SR BN B 3
7000 Vi34 0.03%69 1.638 Xk 1.8 1.397 3387 725?5 16 ; iz
280,000 7.4 0.03200 1.512 39.%% 1.659 1.269 306 8.380
ggi,% %: g.gg%g %ggr :342.9% 1,510 1.%55 g-ggl 9:373 io 1 i%:g
286,000 455 0.02535 11388 29;59 1.2 o.éﬁgg 31323 ﬂz 15 17:;
288,000 _13'.“ 0.023 1 ian 27.32 1.1k9 0.8791 3,503 12, z 19.5
2%0,000 ey 0.0218 1.0 25.02 1.0%2 0. 3.%27 13.70 111 21,
29% 000 X754 0.0 98320 o o883 8Bk %i% 2% Bis :
ggg,ooo o 0.01759 | 0.8310 19.30 0.8117 0.6210 3.%99 183 Tes 2‘:3
,000 . 0.01633 | 0.77A6 17.7% 0.7460 0.5707 3.523 9. 1151 29.1
300,000 k87.% 0.0 0,722 . ) 11260
3031000 19'{.: 001828 | o: 753 iggg g:gegg 03837 g:ggg RS 1169 i3
%5'%3 ok 0.6313 13.87 0. ?3; 0.4453 3.292 23.90 ugg 36.6
3087000 503.% 3:§§° u:gg o 972 8;8132 3'619 §o‘23 1 ;gu
s | B sl Bd o |adp iRy | 3| B B m
. . . . . . . 31 .0
gig,g% slz:g.g g.:g'ro 83 0.39%7 0.3020 3, 3982 mg 53.6
316,000 2105 O.mgg 8.705 . 0.2801 3,731 2. 1231 §,l
» . . .082 0.3399 0.2600 3.75% 6,45 i2 5
527.5 0.380% .50 0.3 0.2%16 .
§§§:w° ggég g.gggg- é.ggs 9:29 0.22%7 %gg 250 | oa7 2’;‘:5
326,000 229.5 0.3187 6.05% 0.25 05088 g.su gé kY 33
328,% 5,‘%2 8'3003 5'62 0.23T4 0.1816 3.867 . 32.3
kT 232 o.ggg 5'288 0., 18; 3.867 68,71 1285 8% .5
3% s 0'2681 g 0.222 0.1701 3.889 ;3.54 128 89.3
ggzig% gssig 0.2 »g t:gg]s. o:a%s o:1880 395 sk e %oz
3. 0.2 38 01852 0.1 . "90.
338,000 283:2 0.227% Fcrt 0.1730 0.132 3.7 8.8 % 128
40,000 . R
%;g:ooo ] 0:2033 3.8 o385 83570 %.05 93| 3 15
s | 33 S| pE | EEW ond | ope | E) EE )}
%g.ggg 5%?'? 0. 225 3. 3§ 0.1275 0,0975 .08 12‘.8 1331 157
3527000 | B91.5 o:3ser 2'692 PRt o0 :igg 1k 135
;3;?’5"888 595.5 o.ﬁéz 2.537 0.106T 0.08163 151 1 %Zs T3k 3
328,900 gggg g.é 7 2,392 0. 0.076! k172 5 A 13%9 199
, 603, #1337 2,258 0.09%95 0.0 k,103 5.7 1353 211
360,000 607. 22 .
20500 | &2 035 238 ok |Se V3% h| 32 %
e | g shie | el Sem (emme | v | om o) =
ggg,%g g?.g ooaéggg 1.698 0.071%2 o.oszzg %,299 gggg B’% 283
370,000 g27.6 0.09887 1.606 0.0 'ggs 0.0 %.319 .9 3 296
374000 635.6 o:ogge 1850 g'ggo 1 g'gxseﬁ :g&? 2525'7 '}.333.' 33
378’% 229'2 0.08536 1,333 0.05720 0.04376 ":222 32322 1399 %\39}
, 3. 0.001721 |0.08133 1.288 0.05416 0.0kikh &.ko2 318 13 370
380,000 647.6 0.0016%0 10.07751 1.220 0.051 0.0392 A k2
ggi,goog 6516 | 0.00 % lo.073 1.156 0.04831 S:03953 ».ug 36%:% -‘;".2% o
3000 255.6 g.%%ngz 0.0 2 1.09%6 0.,0%609 0.035 & k6 7.2 13 ;;i
386,000 sgg.s 0.001 0.08 1,03 0.04369 0.03343 4. 38R §31, 1215 :38
1900 83-9 0'001296 008 :2Lg 0.985 0.041%5 0.03171 & ,50% :g‘r.o 1%19 3
ggg,oco 67.{'6 0.0012% .061. o.ggsz 0.03933 0.03009 x.525 3.9 1k2 50
. . . 7 [0.058% 0.8872 0.03731 0.0285 k.5X5 512.3 1 5
393,700 675.0 | 0.001190 [0.0562 0.8k91 0.03571 0.02732 3562 537.3 131

lrne values for viscosity listed in these colurms are not epplicable pt the higher altitudes where the meen free peths of
the molecules ere comparable to or longer than the dimensions of the body being considered,~ Furthermore, the valuss listed
are based on the conventional Sutherland formula for normel air and, consequently, no allowande has been mede for the effect
of disscciated oxygen in the simosphere at the higher levels. .
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TABLE II,— PROFERTIES OF THE UPPER ATMOSPEFRE FOR TENTATIVE STANDARD TEMPERATURES BASED ON AN ARBITRARY e
CONSTANT VALUE OF GRAVITATIONAL FORCE— ERITISH ENGINEERING SYSTEM-— Concluded

Absolute
Altitude, tempera-| Pressure, Pressure Densi Density Specific Goefficlent | Finematic Hean free
ture, D ratio, . ratio, Weight, |of vimcosity| ¥iscoesity, sﬁ:ﬁd"r prth of
(rs) (8 o= ) (1b/22) /7, (s1luge/rt3)| o = ,;.’_ ¥~ & B2 V=% a =’ | molecules,
. 0 (1b/rt3) (1b-seo/t%) (rtz{sec) (£t/sec) (re)
(1)
(¢) For night only
262,867 %320 0.06669 3.151x10-5 | 89.93%10~9| 3.782x10~5 2.893x10-6 =]
. . . . . . 3,212x10 . 10! -3
26%,000 £32,0 0.06239 2.948 Bi,1. 3.538 2.707 3.212 ggg 1o:’[3 2:32”10
266,000 %32.0 0.05720 2.103 7.1 3.2k% 2,482 3.212 .16k 1019 %6
268,000 32.0 0.05256 2.479 o.gj; 2.97 2, 3,212 i 5k1 101% 5.13
270,000 32.0 0.0%810 2.2’872 X, 2,72 2,087 3.212 k.%l 1019 8.87
272,000 k32 g 0.04410 2.0 gg.u-r 2.201 1.3%3 3.212 5,801 1019 9.67
272,309 132.0 o.oksg:. 2,056 . 2,867 . 3.212 5.5 1019 9.80
demR | EE | sem | M pR (BB | Bm | iE | s | B b3
y . . . . R . .2 520 .
,000 uga. o.ogﬁg 1.21 180 . 1.882 1. !3. % Z T.326 igsz 11%&
280,000 4T R 0,0313% 1.481 40,80 1.726 1.31 3.306 8,10 10
2827000 k5104 0:0288% 1.363 37.2% 586 1358 3.331 s.gug 1082 i":%
28%,000 355 % o.ozﬁg 1.25 33.48 1.k2 1.09 3.355 9.873 10%6 12.9
286,000 .| 455.% 0.02 1. 31.01 1.30 0. 3.2’59 10.90 1051 18.5
288,000 3.k o.ozzgs 1,066 28,3k 1.1g2 0.3120 3.503 12,01 1055 20.3
290,000 3675 0.02081 0.9832 25,92 1.0 0. 23& 3.427 1;.22 1020 22.2
292,000 3715 0.01921 o.go g 23.7% 0. o.z 3 3.451 1k.54 106% 24,2
294,000 ATS % 0.0177% 0. 21.7% 0.31#2 0. 294 3.475 15.98 2069 26.8
266,000 l{arg.!- 0,01 0.7Th8 13.92 0. 0.6k10 3.499 17.57 107, 28.9
258,000 3.5 0.01517 0.7168 18.28 0.7887 0.5881 3.523 19.27 1073 31.5
300,000 A8T.4 0.01506 0.6643 16.80 0.7065 0.5%0 3.546 21,11 1082 3%,2
302,000 Lol 4 0.01302 0.6151 e . 0.2962 . 2313 - 8 .
30k,000 195k 0.01206 0.58 ™28 0.5963 0.3562 §.§§9 23.3 %39'17. 102
,000 %59.% 0,023 o.ga 13.05 0.5 0,41 3,61 27.71 10 k.1
,000 503.4 0.010 a.ko06 12.01 0.5052 0. 3.229 30.30 7.9
310,000 507.% 0.0096%2 0.4556 11,07 04654 o.356§ 3.662 33.08 110k 52.0
2,000 511.5 0. 0.4233 10,20 0.%290 0.3282 3.583 32.13 1109 56.%
31k,000 515.5 0.008327 0.3935 gggg 0.3957 0.3027 3.70 ;9.!-1 13113 61.1
6,000 519.5 0,007745 0. K 0,365 0.27! 3.731 2.95 1117 66,2
318,000 523.5 0.007210 0.3%07 8.023 0.337 0.2581 3.75% 36,79 1122 1.7
320,000 527.5 0.006711 0.3171 410 0.3116 0.238% . . 1126
3227000 £31.5 | 0.00625 0.2955 £.853 0. 0.2505 %f”” 5??1 1130 g:s
,000 535.5 0.00582 0.2723 6.337 0.2665 o.iggg 3.822 2021 113k 90.3
326,000 9.5 0.005437 0.25 5.871 0,246 0.1889 3.8%k 65. 1139 98.0
328,000 583.5 | 0.00 ;g 0.23% 5.k 0,22 0.1749 3.867 71,2 :_123 106
330,000 557.% 0.00 0.22 2.039 0,2119 0.1621 3.883 W1 1187 11k
332,000 551.5 0.008423 0.20%0 673 0.1 0.1503 3.011 g.sg 1151 123
334,000 555.5 0.00"122 0.1 22 2,335 0,1323 0.13: 3.933 .73 11585 3
,000 559.5 0.0038 0. &,02 0. 0.129! 3.955 98,31 :ugo B
338,000 3.5 0,00361T 0.1709 3.T. 0.1572 0,1203 3.977 106, % 1164 152
3%0,000 567.5 0.00338% 0.1599 3474 0.1461 0.1118 .999 .1 1168
342,000 571.5 0.0031 0.596 3.227 0.1357 0.10 2.021 12k.6 72 g.'%
3%k 000 575.5 0,002967 0.1402 - | 3.003 0.1263 0.096 g i ok 13%.6 1176
3%k, 487 576.5 0.002¢ 0.1380 2.951 0.1241 0.08#9 4.0 137.2 1T 195
346,000 579.5 °-°°2'I§§ 0.1314 2. 0,1168 0.0 926 -065 156.% ug;
348,000 3.5 0,0026 0;:1254 2, 0,1080 0.082 2 X 159.1 1165 221
350,000 587.5 | 0.002%53 0.1139 2.376 0.09 0.076% &,108 ¥ 2.3 1205 237
352,000 591.5 0.00230 0.1089 2.199 0.0 o.ogo k.129 137. 121 253
35%,000 595.5 0,002169 0.1022 2.039 0.08575 o.O£Z§ 2,151 203.6 1222
356,000 99.5 0.,002041 0.,0964 1.891 0.07951 0. x,172 220.6 12 250
358,000 3.5 0,00192% 0.05090 1.756 0.07383 0,057 %,193 238.8 12 310
360,000 607.5 0,0018 0.08576 1.632 0.0686% 0.05251 A 21k 258,2 12!
362,000 611.5 0.00Y lg 0.080 1.212 0,06388 o.ogeg'r x.236 2‘;53.9 122? 3
36%,000 615.2 0.001618 0.076 1.5 0.05922 o.onsgo i 25 301.1 1 71
366,000 619. 0.001531 o.gggag 1,319 0,055 0.042%3 5, 32k.3 1357
368,000 623.6 0.001449 0. 1.221 o.o@'{g 0 ogggg %.299 3k9,2 12 k25
370,000 627.6 0.001373 0.06488 1.1k9 0.0483 0.0 1,319 l3“';5.9 1335 151
372,000 631.6 0.001302 0,06151 , 1.032 0.04520 0.03458 X.3%0 3.7 1318 AT
Tem | BT inE | SEE Lgm pem s b | B2 | B
378,000 633.6 0.001113 0.052 o.gan o.os'mg 0.02837 x.gga #99.% %‘;’23 55%'
380,000 647.6 0.,001058 | 0.0 0,8268 0.,03¥% 0.02660 X.h23 .0 1 L)
382,000 651,6 0.001007 | 0.0 75g 0,7761 0.03 0.02k 4.442 5'3(25 1353 E"
38k ,000 655,6 |0.0009582 0.0452 0.7288 0.03065 0.023 X 46 12,5 1381 6'312
386,000 659.6 |o0.0009127 0.04313 0‘6831 0,02881 0.0220 4 48k ?1.5 1361 71%
388,000 663.6 |[o. 702 0.0k112 0,64%% 0.02710 0.02073 k. 50% 38.9 1301 754
390,000 667.6 |0.00082 0.03920 0.606% 0.02 0.01! %.525 7%6.2 1412
392,000 671.6 o.oooTEH 0.037k1 0.5112 0.02h02 0.0! PN 95.7 1k22 g%
393,700 675.0 {0.0007 0.03598 0.583% 0.02285 0.017 4,E62 39.5 1k31 875

l'rhe values for viscosity listed in these columns are not appliceble at the higher sltitudes where the mean free prths of
the molecules are comperable to or longer then the dimensions of the body being considered, Furthernore, the values listed
are based on the conventionsl Sutherland formula for normml eir and, consequently, no sllovance has been made for the effect
of dissociated oxygen in the atmosphere at the higher levels. -

RATIOMAL ADVISORY -
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TABLES IV AND V

PROPERTIES OF THE UPPER ATMOSPHERE

FOR TENTATIVE STANDARD TEMPERATURES

BASED ON AN INVERSE SQUARE VARIATION
OF GRAVITATIONAIL FORCE

The following set of two tables (tables IV and V) does not constitute
a consistent extension of the standard tables for the lower atmosphere
(NACA Rep. No, 218) but takes into account the inverse square law of

gravitational attraction and, consequently, the values in these tables _

. are more accurate than those in tables II and III.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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Mean free

INVERSE SQUARE VARIATION OF GRAVITATIONAL FORCE — METRIC ENGINEFRING SYSTEM — Concluded
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TABI® ¥ .- PROFERTIES OF THE UPFPER ATMOSPHFRE FOR TENTATIVE STANDARD TEMFERATURES BASED ON AN
INVERSE SQUARE VARIATION OF GRAVITATIONAL FORCE— BRITISH ERNGINEERING SYSTEM — Continued

48

Absolute Einematic Mean free
Altitude,| tempera~ | Pressure, | Pressure Density, Density Specific Coefflolent |oygaomity,| SPeed Of | "path of
h ture, /p R ratio, 3 ratio, :eis!et, of vis:osit.y, Ve so;md., molscules,
(£t) . agu‘) (1b/25?) »/p, (slugs/ft”) | o = 5 (1b/!'t§) (l‘b-s?i{rtz) ( ft(2 pec) (£t/sec) (}},)
(b) For day only
262,46 %32,0 0.0752 . g 101,5¢10° | 4.268x1G> 185165 212007 1 101 53x1073
254100(71 nga.o 0.073‘32 %ggl"l ggé?‘ 3.281 2.970 3.212 gsg Tos g%oy
266, A32.0 0.0648% 3.06% &6 3.636 2.&3 3,212 ;715 1026 52
268,000 X32.0 0.05268 2,820 79.oz 3.325 2. 3,212 062 1030 6.97
270,000 32,0 0.05 gg 2,596 Eg.s 3.0%2 2, 3,212 k. kX0 103% Z.s‘{
272,000 32,0 0.0 2.391 .20 2.78% 2.076 3.212 1.852 1038 .22
272,309 32,0 0.0 2. 65.32 2.747 .0 3. .97 10 8,32
Ze000 | 4 | Ooazer | i3 e 5:2%5 8 3557 2:3%% o | 0B
278, ¥i30% | olo3gT2 | 1877 3517 2,091 is5 3.282 &8 1063 &7
280,000 RR7.M 0.03678 1. 45,35 1.907 1.%21 3. -2 10 1,7
282,000 »5;.; o.oguog 1.?1?. P 1.'?32 1.2 3.%‘3’% g.ogg 103. 12.7
28k,000 §55.% 0.,03160 1.% 31.81 1.290 1.1 3.355 8.8;2 108 13.9
286,000 0.4 o.ozggg 1. 3k.60 1,455 1,083 3.379 9.7 10 ::‘lg.l
288,000 363.% 0.027 1.288 31.67 1.332 0.9915 3.%03 10.75 uog .3
290,000 67} 0.02537 1.192 §§'°6 1.222 . 3.%27 11,7 11 17.7
292,000 7l % 0,02352 1,11 .66 1.121 0.8342 3.451 12, 112k 19.2
shee | i | cemm | hew | 4 o9k SRR | B | Ba | BR | R
. 0.0 0. . . . . . 2 .
2985000 ngs - 0.01519 | 0.9069 20. 0 .3*73; o .gkss 3.522 # .96 ns1 2%2
300,000 187.4 0.01291; 0.8479 19.? 0.8053 0,5988 3.546 18.52 26.1
302,000 ko1.% 0.01679 0.7933 %g T o.gggo 0.552% 3.569 20,20 134 28,1
30k,000 155.% 0.0%273 0,735 .33 0.6859 0.8105 3292 22,00 1Y 30.2
306,000 150.% 0.0 gs 6970 i15.10 0.6352 o.k720 3.81 22.95 32.5
308,000 503.% 0.01383 0-6523 .97 0. 0.%366 3.229 2 .gg 11 3% g
310,000 507.% 0.01299 61 12,95 0.5k 0,4046 3.652 28, 120 ;g
312,000 511.5 0.01221 | o .5172 12,01 0 .égsl 0 .3231 3.6803 30.68 1213 1
mhee | @Izl coms omm | BB |GER | RE | IR | BR | B | S
. . . . . . .
318]000 523.5 0:030% | o:%81s 5838 ox32% 0.3009 3.3 3% I5% xg.2
20,000 | . 527T. 0.009620 | 0,456 8. 0. 0,2802 3.7TT 42,0 12k8 52.5
gee: 2315 0.009679 o.:ggo a.ﬁ o3t ofzsog 3.1 x5, 1257 56.1
32%,000 535.5 0,008579 0,%05% T 0,3280 0,2% 3,822 %9.00 12 2 8
B 529.5 0.008103 | 0.3829 2.271 0.305 0,22 3.84k 52.8 1%; 7
328,000 5 3.2 0.00766: 0.3621 .T9L 0. 0,211 3.867 56. 1 9
328,083 553, 0,0076% 0.361% 6.775 0.28%k9 0.211 3.867 g{.oa 1285 0
330,00 5%7.5 0.007248 0.3%25 6.375 0.2681 0.1 3.889 .00 128 T2 g
332,000 551.5 0006867 | o .32#2 5.9% 0.2522 0. 3,911 25 .22 129 6
Tree | @R ekem omm | BSR |3ER |G | 1B | BB | B | =
338,000 563.5 0,0058%3 0,2761 2.99 0.2100 0.1556 3.977 79-2‘ 130 92,2
3%0,000 567.5 | 0.0055%0 0.2618 3,701 o.%gy 0.146% §999 85.07 1312 97.2
3%2,000 571.5 0.005257 0,248k ¥.430 0.1863 0,1379 021 90.77T 1317 10
3kk,000 575.5 (0.00%952 | 0.235 %,178 0.1757 0.1301 x,043 96. 1322 110
3k6, 9.5 o.ooizas 0.22 3.932 0.1655 0.1226 X,06! + 103.3 1326 11
348,000 3.5 0.008359 | 0.2126 Kt °'1ﬁ 2 0,1156 &, 116.0 1331 12
,000 587.5 0.00%275 | 0.2020 3,505 0.147k 0.1091 3,108 117.2 1335 131
352,000 591,5 0.005061 0.1312 3.305 0,1390 0.102 k129 12k,9 13 139
35k 000 595.5 |0.00 0.182 Jd22 .1313 0.0971 %,151 133.0 13%h 1
356,000 239.5 0.0036 0.1735 949 0.12%0 °'°§é§3 3,172 13, 1349 1
358,000 3.5 |0.003%9k | 0,1651 2.787 0.1172 0.0 5,193 150. 1353 185
000 607.5 0.00332 0. 2.6 0.1110 0.0820 X, 218 9.8 17%
33221000 611.5 o.oogisg 0,1 ?r 2.131 0,109 .07753 %.236 %29.8 1362 %
36%,000 6‘15.2 0.003016 | 0.142 2.35 0.0 0'823 3 x.% 180 .4 1367 :e.gg
366,000 619, 0.00287% 0.13 2.23 0.0 o, 2 x, 191..5 1371
,000 623.6 0.00 0,129% 2,11 0.0 0.065TL %299 203.2 :ngg 217
370,000 627.6 10.00 0.123% 2.00 0.08428 0.0622 ¥,319 215, 1 229
372,000 631.6 0.002 0.1176 1.898 0.07981 0.05236 %.3%0 22 Z 1384 242
puee | gme cemm | ome | LT gemE loes | bm | B3y | B | B
378,000 653.6 |0.002163 | 0.1022 1,615 o.o&g—sl 0.05023 x.ggz 272.1 13 283
000 647.6 | 0.00206% |0.0975% 1. 0.06%56 0.0%764 3, %23 288.1 1402 299
Ssgg:ooo ?1.6 0,001 o.géggs 1.235 0,06128 0.08522 k.ug 30%.9 1%06 315
384,000 ;5.6 0.00188% |0.08%01 1. 0,05819 o.olegg &, 46 322.5 1311 321
386,000 629'6 0.001800 |0.08505 1.3 0.05527 0.0%07 & _k8% 3K1.2 1315 3
388,000 3.6 0,001721 |0.08131 1.2k9 0,05252 0,03873 A, 50% 360.6 1k19
350,500 | &8 |ooeiors |07 porr SR B et fo215 1 g
. 0 . . o . . .
_2,93:700 6% .0 [¢] :oo:.gls 0.071 1.081 0.0%5k6 0.033%0 l.sg 22,0 1A31 X2k

1'I'he values for viscosity listed in these colums are not applicable at the higher altitudes where the mean free peths of

the molecules are comparabls to or longer than the dimensions of the body being considered,
are based on the conventionel Sutherlend formula for normal sir and, consequently, no allowance has been mede for the effect

of dissociated oxygen in the atmosphere at the higher levels,

NATTONAL ADVISQORY
COMMITTEE FOR AERONAUTICS

Furthermore, the values listed



NACA TN No. 1200 N 49

TABIE ¥, PROPERTIES OF THE UPPER ATMOSPHERE FOR TENTATIVE STANDARD TEMPERATURES BASED ON AN
INVERSE SQUARE VARTATION OF GRAVITATIONAL FORCE— BRITISH ENGINEERING SYSTEM — Concluded

Absolute Kinematioc e £
Altitude, | tempera-| Pressure, Pressure Density, D;ﬁ:ity Ss:ciﬁéc Oceffiolent | yimgoaity, | SPC0d of p:nth o;°
(rht) ture, ( ;f 2) re}io' ( /23) o, bt is%g, of via;ouity - uo:nd, wolacules,
[ 1b/2t slugs/tt G = 2
(°F sbs.) ®/ 2 8 Fo (10/1t3) | (1b:sec/rt?) | (£:2/5e0) | (FE/820) (2%)
(1) (1)
(o) Por night orly
262,567 ¥32,0 0.07527 3.557x10°5]  101.5x10°9] *.268%16°3 3.185%10°6 3.213a07 | 3.165 1019 5.5310°3
26%,000 432.0 0,07051 3.332 gs.o 3. 2.983 3.212 3.279 1019 ggo
,000 x32.0 0.06k4 3.0862 7.3 3.67h 2,7%L 3.212 20&1 1019 k2
268,000 432.0 0.05955 2.814 80,30 3.3 2.512 3,212 . 1019 s.g
270,000 k32,0 0.,05473 2,586 73.79 3.10 2,31 3,212 %.353 1019 g
272,000 132.0 o.ogo 2 2.313 ggz 2.85. 2.128 3.212 b 1019 .26
272,309 132.0 0.0%955 2.3 g 2.815 2.09 3,212 A, 1019 8.(3’2
27%,000 135.% 0.,04522 2.18% . g 2,600 1.9 3,232 5,227 102 9.
,000 %39.% 0.0k252 2.009 56.2 2,370 . 3.2 5. g 10 9.9%
278,000 3.k 0.03913 1.8k 51.%1 2,162 1.611 3,282 6. 1032 10.9
280,000 XNT.N 0.0360% 1.703 1. 1.%70 3.306 T.086 10 11.
282,000 51.% 0.03320 1.;69 ue.‘a’é 1.833 1,342 3.331 g.nk 10k2 1;.2
28%,000 A55.% 0.03066 S 1. gg 39.21 1.649 1, 3.355 .ggl 1046 al 2
286,000 2594 0.02832 1.3 35.91 1,510 1. 3.379 9.501 1051 15,
288,000 3.4 0.02618 1.237 32,91 1.38% 1 3.%03 10.3% 10 ﬂ'o
290,000 673 0.02k23 1.1 30.20 1.270 0,952 3,827 11.;3 10 5
292,000 AT1.% 0.02239 1.0 27.65 1,1 0. 3.451 12, 106% 20,2
294,000 8754 0,02072 0.9793 25.%0 1.0 0.7 g 3.475 13.68 1069 22.0
296,000 K79.% 0.01919 0.9069 23.32 0.9806 0. 3,%99 15,00 10 2%.0
298,000 3.4 0,01780 0.8%09% 21 . kk 0.5017 0.6706 3.523 16,43 10 26.1
300,000 587 .4 0.0165 0.7810 19.7 0.8 6.6176 3.5%6 17. 1082 28,
302,000 191 % 0.0, 32 o.gzw 13.1 0.754%5 0,5633 3.569 19.%3 1087 30.3
304,000 k05,4 0.0152% 0.6729 16.Zu 0.70%L 0.223 3.592 21. 1091 33.%
306,000 %99.% 0.0132% 0.6253 15.5% 0.6%92 0.482 3,61 23.42 1056 .2
308,000 503.% 0.012 0,581 1%.25 0.5991 0.8351 3.g29 25.3# 1100 29.2
310,000 507.4 0.011 0.5%1k 13.15 0.5531 0.%109 3.652 27.8% 110k 2.8
312,000 B11.5 0,01067 0 .Eghz 12,15 0 .2110 0.37 3.683 30.33 1109 46,0
Beee | 233 | oenes o st R 0:32uh 373 2% | BB | 87
318000 523.5 o.oogéus 0.408% g.élg o.houg 0.3002 3.75% 39.0% 1122 53_0
320,000 527.5 0.008051 0.3809 8.903 0.37%4 277 3.7177 22 k2 52.2
322,000 531,5 0,0075! 0.3557 8.251 0.3%70 0,2575 3.399 36,0% 1130 67.
32k,000 535.5 o.oogoe 0.3321 7.6 0.3212 0.2 3.822 xg.gg 1134 73.0
326,000 529.5 0.00 szé 0.310 g.o 0,298 0,221 3.8%% sk,17 1139 .6
328,000 3.5 . 0.290 ug 0.2770 0.205 3.867 ?8.71 1183 3.6
330, B¥7.5 | 0.005750 0.2717 6. 0.2573 0.1508 3.889 632‘[ 1187 9.1
332,000 551.5 0.005379 0.25k2 5.681 0.2389 O.lHl 3.011 . 1 .1
334,000 555.5 0.005039 0.2381 2.281 0. 0.16k7 3.933 é’oi.ls 1155 105
336,000 559.5 0.00 121 0.2231 .915 0.2067 0.1532 3.955 N7 60 113
38,000 3.5 0 0OMA2T 0.2052 57T 0.1925 0.1h26 3.577 86.91 116% 122
3%0,000 567.5 | 0.00%152 0.1962 %261 0.l 0.1327 2.999 93.8? 1168 1
342,000 571.5 0.003892 0.1839 3.956 0.1 0.1235 021 jo1. 1172 1
34k ,000 572.5 o .0033225 0.1727 3 .Zoo 0.1556 0.1152 & 0k 109.3 1176 1
344 _N87 576.5 0.003602 |- 0.1702 3.638 0.1530 0,113k %.0 11,2 1 153
346,000 579.5 0.003433 0.1623 3.%29 0.1842 0,10 £ .06 118.5 1185 161
348,000 3.5 0.0032 0. 3.112 0.1337 0. X0 128.5 1195 172
350,000 T.5 0.0030%1 0.1437 2.9 0. 29 o.gg 9 %108 139.5 1205 18%
352,000 501.5 0.002863 0.135 2,732 0.11%9 . 2 3,129 151.1 197
35k,000 555.5 0.002700 0,127 2.535 0.106 0.0 92 x,151 162.6 1 211
356,000 589.5 0.002546 0.120 2.35 0,099 0.0733 5,172 175.9 12 225
358,000 603.5 0.,002k0% 0.11 2,19k 0.09227 0.06823 %.193 igl.1 12 230
360,000 607.5 0,002273 0,107k 2.0k 0.08597 0.06356 k 21k 206.2 1256
362,000 611.5 0.002150 0.1016 1.906 0.0801! 0.05925 k,236 222.2 1266 g?i
,000 615.2 0,00203 0.0961% 1.28 0.07¥ 0.05525 ¥.25£ 239.% 12§7
366,000 619, 0,001 0.09111 1,661 0.06984 0.05161 1,27 252.6 1287 306
368,000 623, 0.001828 0,08639 1.253 0.06529 0.0482k x.299 276.8 1993 375
370,000 627.6 0.0017;6 0.,08201 1,453 0,06111 0.0L51% 5,319 29'.!.2 130 3%5
372,000 631.6 0.0016%9 0.07790 ~ 1.361 0.0572% 0.0%227 &,3%0 31 g 1318
374,000 635.6 0 .001567 0.07 1. 0.05366 0.03962 4,361 381, 1328
376,000 629.6 0.001%89 | 0.070 1.197 0.02033 0.0311.6 u.ggz 366.1 1339 9
378,000 633, 0,001%17 | 0.06698 1.123 0.0%722 0.03485 & ko2 392.0 13k9 133
000 687.6 0.0013 0.063T! 1.05 0.04k36 0.03274% k. k23 19,2 1360 57
27 651.6 | 0.001286 0.06373 0.991 0.0%170 0.03077 x.ug 3k3.0 13 ¥82
38%,000 55.8 0.001227 0.05797 o.ga 1 0.03924 4.02895 k.86 ¥78.% 1381
B 659.6 0.,001170 0.05531 0.876% 0.0359% 0.62725 4 X8k 510.5 1391 5
388,000 663.6 0.001118 0.05282 0.8271 0,03481 0.02567 5,504 5k 2 1k01 5
390,000 657.6 0.001068 o.o§ol@5 0.780 0.03282 0.02520 k.525 79.8 1412
392,000 671.6 0,001020 0.0%823 0.736% 0.03097 0.02282 &, 5% 17.? 1822
393,700 675.0 |0.0009830 0.01635 0.7015 0.02950 0.02173 5,562 650.% 1%31 653

]"rhe values for viscosity listed in these colurms are not applicable at the higher eltitudes where the meen free peths of
the molecules are compsrable to or longer thsn the dimensions of the body being considered. Furthermore, the velues listed
are based on the conventionsl Sutherland formula for normal eir and, consequently, no allovance hes besh mAde for the effect
of dissocieted oxygen in the atmosphere st the higher levels, oo - .
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TABLE VI.— LATITUDE CORRECTION FACTORS POR VALUES OF PRESSUNE IN TABIES IV AND V

Latitude, deg
Altitude, b 0 1o 20 30 o 50 Go 70 8o
() | (ré
{a) For both day and night

20 617 1,0078 1.00T 1,0060 1.0039 1.0014 0,9988 0,5963 0.99%3 0.9929
® '25 1.0120 150103 1.0092 1.0020 1.0022 .9981 .9943 9912 392

121,9 3 1.01 1,01 1.0181 1,0080 1.002 9975 .5925 008k .GB58
50 R 1,0187 1.0176 1.01 1,000k 1.003 %1 g 9863 .9832
650 196,850 1,0213 1.0200 1.0164 1.0108 1.0022 90967 . 9332 .98k .9808
Eg 229,658 1.0242 1.0227 1.0l 1.0122 1.00 .9962 . 9824 .9783

262 467 1.0278 1.0260 1.0212 1.01%0 1,0051 J995T 9869 .9798 o752

{b) For day only
8o 262,467 1,0278 1.0260 1.0212 1,0140 1.005) 0.9957 0.9869 0.9798 0.9752
90 295,275 1.0312 1.0293 1.0239 1,0157 1.0057 19952 3 ITTH 9722
100 328,083 1.03 1.,0319 1.026] 1,01 1.0062 . .98%0 o754 9698
110 360, 1.0 1,0342 1.0279 1,0143 1.0 .59 -$830 9738 .963
120 393,700 1.0385 1.0361 1,0205 1.0193 1.0070 99 .9820 9723 .
(o) Por night only

80 262,467 1.0278 1.0260 1.0212 1.0140 1.0051 0.9957 0.9869 0,9708 0,9752
90 z;gg,g? 1,031% 1.0295 1.02h) 1.0158 1.@ <9951 L9852 9772 L9721
100 ,083 1.0346 1.0325 1.0265 1.017% 1. G946 .5838 9750 . 9623
110 360,892 1.037Th 1,03%2 1,028 1,0188 1.0063 «G0k2 .5825 .9730 .0669
170 393,700 1.0397 1,03713 1.030 1.0199 1.0072 .5938 9815 9714 L9619
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Variation of ambient tempserature with altitude.
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Figure 2.- Variation of composition of the tentative standard atmoaphers with
altitude. (The dissoclation of oxygen is the only change In compozition
occurring In the tentative standard atmosphere.)
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Flgurs 3. Varlatlon with altitude of the physical properties of the tentative
gtandard atmosphers.
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